Click-evoked otoacoustic emissions ͑CEOAEs͒ were previously shown to be significantly less strong in homosexual and bisexual females than in heterosexual females. Here it is reported that the spontaneous otoacoustic emissions ͑SOAEs͒ of those same 60 homosexual and bisexual females were less numerous and weaker than those in 57 heterosexual females. That is, the SOAEs of the homosexual and bisexual females were intermediate to those of heterosexual females and heterosexual males. The SOAE and CEOAE data both suggest that the cochleas of homosexual and bisexual females have been partially masculinized, possibly as part of some prenatal processes that also masculinized whatever brain structures are responsible for sexual orientation. For males of all sexual orientation, the SOAEs were less numerous and weaker than for the females, and there were no significant differences among the 56 heterosexual, 51 homosexual, and 11 bisexual males. All subjects passed a hearing screening test. When all SOAEs above 3000 Hz were excluded ͑as a control against incipient, undetected hearing loss͒ the same results were obtained as with the full range of data ͑550-9000 Hz͒. The differential use of oral contraceptives by the heterosexual and nonheterosexual females also could not explain the differences in their OAEs.
INTRODUCTION
Normal cochleas have the ability to produce sounds as well as to receive and process sounds. These cochleagenerated sounds propagate back through the middle-ear system into the external auditory canal, where they can be recorded using miniature microphone systems. There are several types of these cochlea-generated sounds which are known collectively as otoacoustic emissions or OAEs ͑for a review, see Probst et al., 1991͒. Two types of OAE are of interest here. Click-evoked otoacoustic emissions ͑CEOAEs͒ are echolike waveforms that are produced in response to brief acoustic stimuli ͑Kemp, 1978 . CEOAEs can last tens of milliseconds, and essentially all normal-hearing ears produce them, although their strength varies across ears. Spontaneous otoacoustic emissions ͑SOAEs͒ are essentially tonal sounds that are produced continuously by the majority of normal-hearing ears. Both CEOAEs and SOAEs exhibit sex and ear differences ͑for summaries see Talmadge et al., 1993; McFadden et al., 1996͒. CEOAEs are stronger and SOAEs are more numerous both in females than males, and in right ears than left ͑McFadden, 1998͒. These same patterns of sex and ear differences exist in infants and children ͑Burns et al., 1992; Norton, 1992͒ , and the available longitudinal data indicate that OAEs remain reasonably constant through life ͑Kemp et al., 1986; Franklin et al., 1992; Burns et al., 1993 Burns et al., , 1994 Prieve et al., 1993͒ . Accordingly, it seems safe to think of OAEs as being reasonably stable traits through life.
In order to explain various facts of cochlear function in mammals, an active mechanism called the cochlear amplifier has been proposed ͑Davis, 1983͒. The contribution of the individual cochlear amplifiers hypothesized to be arrayed along the length of the basilar membrane is to magnify membrane displacement at low sound-pressure levels, thereby giving the auditory system its high sensitivity to weak sounds. Mammalian OAEs are widely regarded to be unintended by-products of the normal functioning of these hypothesized cochlear amplifiers. Thus, both auditory sensitivity and OAEs are regarded to be consequences of a common mechanism, the cochlear amplifiers. According to common belief, the amplifiers cannot perform optimally unless the relatively fragile outer hair cells are intact.
We recently reported that CEOAEs are weaker in homosexual and bisexual females than in heterosexual females ͑McFadden and Pasanen, 1998͒. That is, the strength of the CEOAEs in nonheterosexual females was intermediate to that in heterosexual females and heterosexual males. By inference, then, the cochlear amplifiers of nonheterosexual females can be presumed to be less strong than those of heterosexual females, and to be intermediate to those of heterosexual females and males. Here we report that the SOAEs of those same subjects showed the same basic pattern as did their CEOAEs. The SOAEs of homosexual and bisexual females were less numerous and less strong than those of heterosexual females, and were intermediate to those of heterosexual females and heterosexual males. This additional evidence of functional differences in the cochleas of nonheterosexual females bolsters the interpretation that their peripheral auditory systems have been masculinized, possibly at the same stage of development when whatever a͒ Electronic mail: mcfadden@psy.utexas.edu
I. METHODS
The SOAE measurements to be reported came from the same subjects as in the CEOAE paper ͑McFadden and Pasanen, 1998͒ . A description of the recruiting procedures, the average age in the various subject groups, the number of subjects discarded for hearing loss and other reasons, and the methods for determining sexual orientation can be found in that previous paper.
For consistency, all subjects discarded from the previous analyses because of hearing loss ͑17 females, 24 males͒ or questionable CEOAE data ͑6 females, 7 males͒ were also discarded here. In addition, the SOAE data from one homosexual female and one heterosexual male were omitted from all analyses here because of evidence that the gain of an audio amplifier was set incorrectly for the SOAE measurements in one ear. This left 235 subjects out of 291 recruited to the experiment. Subjects were classified into six categories of sexual orientation on the basis of their responses to a series of items on a questionnaire; the number of subjects of each type is indicated in Fig. 1 . For some of the withinsubjects analyses reported below, only subjects having at least one SOAE in each ear could be included. That reduced the overall number of subjects to 132, with the individual N's being 46, 24, and 16 for the female heterosexuals, homosexuals, and bisexuals, respectively, and 26, 17, and 3 for the male heterosexuals, homosexuals, and bisexuals, respectively.
The collection of the SOAE data was interleaved with the collection of the CEOAE data. For the odd-numbered subjects in each group, the order of data collection was SOAEs right ear, CEOAEs right ear, CEOAEs left ear, SOAEs left ear, and the order was reversed for the evennumbered subjects. For the odd-numbered subjects, OAEs were measured before the subject completed a lengthy questionnaire, and that order was reversed for the even-numbered subjects. An experimental session took approximately two hours. Subjects were paid $30 for their time.
For the OAE measurements, the subject lay on a small cot in a darkened, sound-proofed room. The foam-covered tip of an Etymotic ER-10A insert microphone system was inserted into the external ear canal. The probe tip contained two stainless steel tubes, one leading ͑via a plastic tube͒ to the earphone used to present the clicks used for eliciting CEOAEs. The microphone output passed through an ER10-72 pre-amplifier and then through a custom-built, lownoise amplifier/filter that amplified the signal by about 30 dB and high-passed it above about 400 Hz ͑in order to remove extraneous body noises͒. The output of the amplifier/filter was delivered to both a spectrum analyzer ͑Hewlett-Packard model 35665A͒ and an analog-to-digital converter ͑National Instruments A2100͒ located in a Macintosh Quadra 950 computer. In an attempt to avoid initializing effects ͑White-head, 1991; McFadden and Pasanen, 1994; Smurzynski and Probst, 1998͒ , the subject lay quietly in the test room with the probe tip in place for at least 15 min prior to collection of the first SOAE data.
The SOAE measurements for each ear were extracted from four 30-s samples of the sounds monitored by the miniature microphone in the external ear canal. These waveforms were digitized ͑with 16-bit resolution͒ at a sampling rate of 22 050 sample points per second and stored for later analysis. Prior to the collection of each time sample, the subject was informed over an intercom that a data sample was about to be collected and that he or she should lie as quietly as possible until told that the 30-s period was over. Upon collection of the first 30-s sample, a brief analysis was performed to verify overall system performance as well as the subject's ability to lie quietly. Subsequent samples were also analyzed when it was deemed necessary. Accordingly, successive 30-s samples were often separated by several tens of seconds. Some especially noisy subjects were reinstructed about the necessity of lying still and additional 30-s samples were collected as substitutes for noisy ones. While these time samples were being collected, spectra were also being collected and displayed on the spectrum analyzer as general information for the experimenters, to verify the integrity of the monitoring system, and to monitor the noise level of the subject.
The identification and measurement of SOAEs from the obtained time waveforms was accomplished using a fully objective, computerized procedure. An earlier version has been described ͑Pasanen and McFadden, 1996͒, and a report on the final version is being prepared. There are two aspects to the extraction of SOAEs: distinguishing the spectral peaks that are likely to correspond to true SOAE sources from the random fluctuations in the spectrum, and then assigning estimates of frequency and magnitude to those peaks. For experiments like the present one, involving large numbers of subjects and questions about the relative prevalence of SOAEs in different groups, it is clearly desirable to have an automated, objective procedure for identifying the SOAEs. The procedure used here had several stages that will be described only briefly because of space limitations.
The first goal was to eliminate the noisiest time segments from further analysis. To accomplish this, the rms power was calculated for successive 743-ms segments in the 2 min of data collected for each ear. For these calculations, a new segment began every 185.8 ms ͑corresponding to 75% overlap in the segments͒. Then, the 150 segments having the lowest levels were selected and a 16 384-point FFT ͑fast Fourier transform͒ calculated for each. For a 2-min data sample, this criterion was roughly equivalent to using the quietest 25% of all segments. The resulting power spectra were summed to yield what shall be called the initial power spectrum for that ear. Each spectral point in the initial spectrum represented the acoustic power in a bin approximately 1.35 Hz in width. Bins below 300 Hz and above 9500 Hz were eliminated from further analyses.
The next goal was to obtain estimates of what the power spectrum would have been had there been no SOAEs; that is, to obtain estimates of the noise floor in the vicinity of all potential SOAEs. The first step in this process was to delete from the initial spectrum all frequency bins whose power deviated significantly from that in an adjacent region. This was accomplished by stepping through the initial spectrum ͑from low frequencies to high͒ one bin at a time, and, for each bin, comparing its value with the mean and standard deviation of an adjacent range of 30 frequency bins, and deleting that bin value if it exceeded 3 standard deviations ͑s.d.s͒ above that running mean. The next step was to replace the deleted values with estimates of what the noise floor would have been had there been no peak. This was accomplished by fitting a straight line to the same range of adjacent frequency bins described above, and using that line to extrapolate a value for each deleted value. The range of adjacent frequency bins used for extrapolation was fixed at 30 bins, sufficiently large to cover a number of cycles of the fine-grain peaks and valleys of the initial spectrum. ͑The intent was for the fitted line to capture both the average spectral level and the general trend of spectral values in that local region.͒ The nearer edge of this extrapolation interval was displaced in frequency from the point to be estimated by a number of bins that was directly proportional to the frequency of the estimated point. The displacement was 9 bins ͑12.15 Hz͒ at 900 Hz, and 90 bins at 9000 Hz. ͑Factors such as the minimal spacing and typical widths of true SOAEs affected the choices for the range of the extrapolation interval and its displacement from the deleted bin being estimated.͒ Following this substitution process, the entire resulting spectrum was smoothed using a simple 51-bin boxcar window. After the boxcar smoothing, those points in the power spectrum that had resulted from extrapolation were again deleted, and the extrapolation process was repeated for them ͑working from high frequencies to low͒, followed by another boxcar smoothing. The result will be called the smoothed spectrum. This procedure produced noise floors that were within tenths of a decibel of each other for all six subject groups at each of several spectral regions examined; that is, the smoothed spectra were not systematically different across subject groups.
The next goal was to identify the likely SOAEs. This was accomplished in three steps. First, an estimate of the inherent variability of the spectrum was obtained. Regions of the spectrum in which no extrapolation and substitution were done were scanned for all positive peak deflections, where a peak deflection was defined simply as any bin where the local slope of the spectrum changed from positive to negative. In most cases this was a bin whose value was greater than those of the two flanking bins. This scan typically netted about 1500 peak deflections. The mean of the five spectral bins centered at each such peak deflection was computed, both for the initial spectrum and the smoothed spectrum, and the difference between the two values was calculated and called a ''peak deviation.'' A positive peak deviation indicated a spectral deflection above the smoothed spectrum. The mean and standard deviation of this set of 1500 peak deviations were computed for each ear. ͑Note that this set of values comprises the distribution of those spectral peaks not likely to be identified as SOAEs.͒ The next step was to express as a deviation score every peak in the initial spectrum, and to compare it with the distribution of inherent variability just obtained. This was accomplished by expressing the fivebin deviation score for a given peak as a ''z-score,'' by taking the difference between it and the mean of the distribution above, and dividing by the standard deviation. When the result was greater than 5.0 s.d. units, that peak deflection was tentatively identified as an SOAE. After all tentative SOAE peaks were identified, another pass was made, to identify any candidate SOAE peaks within 0.1 octave of each other, in accord with the general belief that two true SOAEs cannot be this close in frequency ͑Zwicker, 1990͒. In such a case, the tentative SOAE peak having the highest z-score was identified as an SOAE, and any candidate peaks within 0.1 octave of it were discarded. No attempt was made to systematically eliminate those identified SOAEs that might have been distortion products generated by the interaction of other SOAEs ͑see Probst et al., 1991͒ , although some of these may have been eliminated inadvertently by the 0.1-octave rule. The frequency assigned to an identified SOAE was simply the frequency bin having the highest peak deflection. Only identified SOAEs between 550 Hz and 9000 Hz were included here.
The final goal was to assign an appropriate magnitude to the identified SOAEs. Because all SOAEs contained power in more than one 1.35-Hz frequency bin, using the power in the single bin containing the SOAE peak would have underestimated the total power of the SOAE, sometimes greatly. It was assumed that, in the initial spectrum, the observed power in any frequency bin in the vicinity of an SOAE was a sum of two independent quantities: the residual noise background and power from the SOAE. The smoothed spectrum was used as an estimate of the noise background. To estimate the contribution of the SOAE to the initial spectrum, the smoothed spectrum was subtracted from the initial spectrum, bin by bin ͑using units of power͒. Then, beginning at each identified SOAE peak and working upward in frequency, a running sum of bin values was computed, with successively more remote flanking bins added to the sum, provided that each additional bin incremented the running sum by at least 1%. When this criterion was not satisfied, the summing stopped, and the process was repeated, working downward in frequency. The result was an estimate of the total power of the SOAE. That estimate was then summed with the corresponding estimates for all of the other identified SOAEs in that ear, if any, and the result was converted into decibels sound-pressure level ͑SPL͒ re: 20 Pa and used as the estimate of overall SOAE power for that ear ͑or first divided by the number of contributing SOAEs and then converted into decibels to obtain an estimate of power per SOAE͒.
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The values of the various parameters used in this objective SOAE-detection algorithm were all selected on the basis of considerable experience with the spectra collected from a number of subjects having varying numbers of SOAEs of differing strength. The result is judged to be a good compromise that is conservative as to what is identified as an SOAE. In general, the weakest peaks identified as SOAEs had fivebin peak deviations of about 1.3 dB or single-bin peak values of about 1.5 dB above the local smoothed spectrum. When the detection criterion, or some other parameter of the algorithm, was changed, the magnitude of the weakest peak characterized as an SOAE sometimes changed considerably, but there was essentially no change in the substance of the results to be reported here.
II. RESULTS
Variables of three general types were of interest here: the number of SOAEs exhibited by an ear ͑or a person͒, the strength of those SOAEs, and the proportion of subjects in each group exhibiting SOAEs. Of these, the number of SOAEs exhibited was of greatest interest, in part because all 235 subjects could be included in the analyses. Most of the analyses to be reported were concerned with the full range of identified SOAEs from 550 Hz to 9000 Hz. Figure 1 shows the average number of SOAEs per ear for the left and right ears of the subjects in the six categories of sexual orientation. Two prominent features of these data have been reported previously. The greater number of SOAEs in females than males is a well-documented effect ͑among subjects previously unselected for sexual orientation͒, as is the greater number of SOAEs in right ears than left ears ͑e.g., Talmadge et al., 1993; Penner et al., 1993; McFadden and Loehlin, 1995͒. The new findings revealed by the data of Fig. 1 are the obvious differences in the number of SOAEs emitted by people of different sexual orientation. Specifically, homosexual and bisexual females clearly had fewer SOAEs than did the heterosexual females, while there was no apparent difference between heterosexual and homosexual males. This general pattern of results parallels that in the CEOAE data ͑McFadden and Pasanen, 1998͒. In both cases, the data for the nonheterosexual females were about halfway between those of the heterosexual females and males. The primary difference between the SOAE and CEOAE data is in the results for the bisexual males which here are generally in line with those from the other males, whereas the CEOAEs of these same subjects appeared to be not fully masculinized. As can be seen, however, the number of bisexual male subjects was quite small, in accord with past reports ͑see Pattatucci and Hamer, 1995͒. ͑Bisexuals were not actively recruited to the experiment but were identified after the fact on the basis of their questionnaire responses.͒ For the purpose of statistical analysis, the number of SOAEs in each ear ͑X͒ was log transformed as ln(Xϩ1) in an attempt to make the underlying distributions less skewed. The skewness of every transformed distribution was smaller than that of the untransformed distribution by a factor ranging from 1.8 to 33, and kurtosis was also comparably reduced in the majority of cases. Preliminary analyses of the transformed data revealed no significant difference between the homosexual and bisexual females or between the homosexual and bisexual males. Accordingly, the homosexuals and bisexuals were combined within sex for the main analysis, which used a two-factor ANOVA. The factors were subject type ͑four levels: heterosexual males and females and nonheterosexual males and females͒ X ear of test ͑two levels͒, with repeated measures on the latter. At the right in Table I are the summary statistics for the four groups created by pooling the homosexuals and bisexuals, and at the left are the results of the ANOVA ͑on the log transforms of the number of SOAEs͒. The two main effects were both significant and their interaction was not ͑first three rows at left͒. Means comparisons ͑remaining rows at left of Table I͒ revealed that heterosexual females were significantly different from homosexual and bisexual females combined, and the large difference between heterosexual females and heterosexual males was also significant. By comparison, heterosexual males were not significantly different from homosexual and bisexual males combined. When the same analysis was performed on the untransformed numbers of SOAEs, all the statistical decisions were exactly the same, which is in accord with the well-known robustness of ANOVA to deviations from normality ͑Lindman, 1974͒. ͓All ANOVAs were done using SuperANOVA ͑Abacus Concepts, Berkeley, CA, 1989͒.͔
A. Number of SOAEs

B. Power of the SOAEs
In the top panel of Fig. 2 , the average overall power of the SOAEs is shown for the six categories of sexual orientation. This measure was obtained by summing the powers of all the SOAEs in an ear, expressing the result in decibels sound-pressure level, and averaging across all emitting ears in each subject group.
1 Because the measure overall SOAE power has no meaning for any ear having no SOAEs, all ears having zero SOAEs were discarded for the presentation in Fig. 2 ; hence the different N's for the two ears in each category.
Clearly, the pattern of results across groups in Fig. 2 appears quite similar to that for the average number of SOAEs in Fig. 1 , and for CEOAE amplitude ͑McFadden and Pasanen, 1998͒. After preliminary analyses indicated no differences between the homosexual and bisexual females or between the homosexual and bisexual males, those groups were again pooled, and the same 4X2 ANOVA as used above was applied to the resulting data. Because there is no meaning to any measure of SOAE power when an ear has no SOAEs, and because this is a repeated-measures ANOVA, only subjects having SOAEs in both ears could be included in this analysis, and that decreased the number of subjects to 132. As the results at the top middle of Table II reveal, the two main effects were again significant and their interaction was not. Means comparisons showed that, with these reduced sample sizes, the large difference between heterosexual females and heterosexual males was still significant, but heterosexual females were only marginally different from nonheterosexual females. Heterosexual males again were not significantly different from nonheterosexual males. ͑For purposes of comparison, Table II also contains at the left the results of ANOVAs conducted on the measure number of SOAEs using only the 132 subjects included in the analyses of SOAE power; also compare to Table I .͒ Logically, the diminished overall SOAE power in homosexual and bisexual females ͑Fig. 2, top panel͒ could simply be the consequence of their having fewer SOAEs ͑Fig. 1͒. As a check on this possibility, an additional analysis of SOAE magnitude was performed. Instead of simply summing the total powers of all the SOAEs in an ear and expressing the result in decibels ͑as was done above͒, the overall power in each ear was first divided by the number of SOAEs contributing to that sum, and the quotient expressed in decibels.
That is, what was calculated was the average power per SOAE in an emitting ear instead of the overall power across all SOAEs in that ear. The results are shown in the bottom panel of Fig. 2 . Clearly, the pattern of the data across groups is exactly the same as in the top panel of Fig. 2 , but the differences were smaller, so when the same two-factor ANOVA was applied to these data ͑at the right in Table II͒ , the main effects were only marginally significant, and only the means comparison between heterosexual females and heterosexual males was significant. The best interpretation of this outcome becomes more clear after the following analysis.
C. Issue of hearing loss
Even though our subjects were screened for normal hearing, it is still possible that the differences described above between heterosexual and nonheterosexual females were the result of the nonheterosexuals having, for some reason, more ͑subclinical͒ hearing loss than heterosexual females. Noise-induced hearing loss and various types of druginduced hearing loss do diminish the strength of the cochlear amplifiers, and thus diminish OAEs ͑e.g., Norton et al., 1989; McFadden and Plattsmier, 1984; Long and Tubis, 1988; McFadden and Pasanen, 1994͒ . Most forms of acquired hearing loss affect the highest frequencies first and gradually migrate toward lower frequencies, and visual examination of histograms of the number of SOAEs across acoustic frequency did suggest that homosexual and bisexual females had fewer high-frequency SOAEs than heterosexual females. A strategy for testing whether differences in highfrequency hearing loss are responsible for the parallel group differences seen in Figs. 1 and 2 is to ignore the SOAEs from the highest-frequency regions. Accordingly, the SOAE data were reanalyzed using only the SOAEs between 550 and 3000 Hz instead of the 550-9000 Hz range used to this point. The most important finding from this reanalysis was that the patterns of the data across subject groups were exactly the same as shown in Figs. 1 and 2 ͑which is why these data are not shown͒, as were most of the conclusions based on the statistical tests. The bottom half of Table II reveals that, in fact, the differences between the heterosexual and nonheterosexual females were even stronger in this reanalysis than when the full frequency range of SOAEs was included, and some comparisons achieved significance that did not in the previous analyses. This outcome was confirmed by also reanalyzing the measure number of SOAEs using all 235 subjects and only the SOAEs below 3000 Hz ͑compare to The conclusion that emerges from these reanalyses is that a simple high-frequency hearing loss is not a likely explanation for the group differences seen in Figs. 1 and 2 , or in the CEOAE data ͑McFadden and Pasanen, 1998͒. This finding is also relevant for the differences between heterosexual females and heterosexual males because one longstanding explanation for the difference in hearing sensitivity ͑and, by implication, in OAEs͒ between the sexes is that males lead noisier lives than females and consequently have FIG. 2 . ͑a͒ The average overall SOAE power for emitting ears for each of the six categories of sexual orientation. For each ear, the powers were summed across all SOAEs over the frequency range 550-9000 Hz, and the sum was converted to decibels sound-pressure level. Because ears with no SOAEs could not contribute to this measure, the N's are different for the two ears ͑but are the same for both panels of this figure͒. The error flags indicate one standard error of the mean. ͑b͒ Same as above except the measure plotted is the average power per SOAE for emitting ears. For each ear, total power across SOAEs was divided by the number of SOAEs contributing to that total, and the result was converted to decibels soundpressure level. more exposure-induced hearing loss ͑e.g., Axelsson et al., 1987͒ . This reanalysis contradicts that interpretation.
This reanalysis also sheds light on the issue of whether heterosexual females exhibit stronger overall SOAE power than nonheterosexual females ͑Fig. 2, top panel͒ solely because the former have more SOAEs ͑Fig. 1͒. As the entries at the bottom right of Table II reveal, the significance levels for the analyses of the measure power per SOAE were generally higher here than for the corresponding analyses of the full range of SOAEs ͑the differences between groups were larger and the variability was about the same͒. Taken together, the analyses over the two frequency ranges suggest that the larger number of SOAEs in heterosexual females does contribute somewhat to their having greater overall SOAE power than the nonheterosexual females. However, were it the sole basis for the differences among subject groups, the measure power per SOAE would not necessarily exhibit the same pattern across groups as seen for number of SOAEs, yet it does, both in Fig. 2 ͑bottom panel͒ and in the reanalyzed data on the SOAEs from 550 to 3000 Hz ͑Table II, For analysis, number of SOAEs was log transformed as ln(Xϩ1). For all variables, only subjects having SOAEs in both ears were included: Nϭ132 and Nϭ120 in top and bottom sections, respectively. For the top section, the degrees of freedom for the ear factor and the means comparisons were 1 and 128; for the bottom section, they were 1 and 116. Outcome for number of SOAEs when all 235 subjects are included is in Table I . Where appropriate, the p values given are the Greenhouse-Geisser values.
bottom͒. Accordingly, it seems appropriate to conclude that there is an inherent difference in the strength of the individual cochlear amplifiers across subject groups, a conclusion that is reinforced by the parallel differences in CEOAE strength ͑McFadden and Pasanen, 1998͒.
D. Proportions of subjects exhibiting SOAEs
The SOAE data are described in one final way in Table  III , which shows the numbers ͑and proportions in italics͒ of subjects in each group having, and not having, SOAEs in the two ears. As can be seen, the proportion of subjects having SOAEs in both ears was greatest for the heterosexual females and markedly smaller for the heterosexual males, with the homosexual and bisexual females again being intermediate to the heterosexual females and heterosexual males. A three-factor loglinear analysis was performed on these data. The factors were sex ͑two levels͒, sexual orientation ͑three levels: heterosexual, homosexual, or bisexual͒, and SOAE expression ͑three levels: SOAEs in both ears, one ear only, or neither ear͒. Because the factors of sex and sexual orientation were considered fixed by the experimental design, the interaction between sex and sexual orientation was included in all models tested; that is, a logit model was employed. The overall effect of sex was highly significant, but sexual orientation did not alter SOAE expression significantly, nor did it alter the relationship between male and female subjects. That is, deleting the three-way interaction from the saturated model did not significantly alter the fit of the model, Chisquare (4)ϭ2.1, pϭ0.72, nor did deleting sexual orientation, Chi-square (8)ϭ11.9, pϭ0.15, but deleting the factor of sex from the model did significantly worsen the fit, Chisquare (6)ϭ31.3, pϭ0.00002. Thus, males and females differed in their expression of SOAEs, but subjects with different sexual orientation did not. Even though the difference in SOAE prevalence between heterosexuals and homosexuals was not significant, we note that the pattern of the data has the nonheterosexual females placed between the heterosexual females and heterosexual males, just as was true with all the other OAE measures considered. ͓This analysis was done using Statistica ͑StatSoft, Inc., Tulsa, OK, 1994͒.͔
E. Correlations between OAE measures
In an attempt to determine the degree of relationship among the various OAE measures obtained from these subjects, correlations were calculated for the 132 subjects having SOAEs in both ears ͑for the 550-9000 Hz data͒. SOAE number and overall SOAE power were correlated 0.87, overall SOAE power and power per SOAE were correlated 0.97, and CEOAE strength was correlated 0.76 with SOAE number, 0.79 with overall SOAE power, and 0.73 with power per SOAE. Two-ear averages were used for all of these OAE measures.
2 While SOAEs and CEOAEs are both regarded to be by-products of the hypothesized cochlear amplifiers ͑Davis, 1983͒, the underlying mechanisms are apparently not identical for the two. For example, dissociations are known to occur ͑e.g., Long and Tubis, 1988; McFadden and Pasanen, 1994͒ . Those facts, plus the less-than-perfect correlations between CEOAEs and SOAEs, reveal that the SOAE data are not perfectly redundant to the CEOAE data, and there was value in our analyzing both sets of data. Observing the same pattern of results in the various SOAE measures as was obtained in the CEOAE data provides valuable assurance that the CEOAE findings were not a chance occurrence.
F. Effect sizes
Table IV contains estimates of the effect sizes observed here for selected pairings of subject categories ͑for the 550-9000 Hz data͒. Effect sizes were calculated by dividing the difference between the means of the two groups or conditions of interest by the square root of the weighted mean of their two variances. For the two measures of SOAE power, the calculations are based upon the 132 subjects having SOAEs in both ears; for the measure number of SOAEs, all 235 subjects were used. Also shown for comparison are the corresponding effect sizes extracted from the CEOAE data ͑McFadden and Pasanen, 1998͒ from all 237 of these same subjects ͑some of the values reported in Table I of the CEOAE paper contained errors in the second decimal place͒. For situations like these, Cohen ͑1992͒ suggested that effect sizes of 0.2, 0.5, and 0.8 could be viewed as small, medium, and large, respectively. Generally, the largest effect sizes were obtained for the measure number of SOAEs, and the smallest for the measure power per SOAE. ͑Using the logtransformed values of the measure number of SOAEs produced effect sizes only slightly different from those shown.͒ All comparisons involving the bisexual males must be viewed with considerable caution given the small number of those subjects.
G. Use of oral contraceptives
Bancroft et al. ͑1991͒ reported that the levels of free testosterone in the plasma were substantially lower in women taking oral contraceptives than in normal-cycling women. Because far more of our heterosexual subjects ͑21/ 57͒ were using oral contraceptives than our homosexual ͑2/ 36͒ and bisexual ͑6/24͒ subjects, this fact constituted a possible explanation for our basic pattern of results. The higher androgen levels in the nonheterosexual females might have acted to suppress the cochlear amplifiers, thereby diminishing OAEs, meaning that the group differences observed in OAEs might be attributable largely or solely to the group difference in oral-contraceptive use. As a test of this possibility, SOAEs and CEOAEs were compared for users and nonusers of oral contraceptives both within and across subject categories. For all the measures of SOAEs, and for CEOAE magnitude, the results ran counter to the possible explanation. The OAE measures were uniformly smaller in the subjects using oral contraceptives than in the nonusers, although the differences were not statistically significant. It appears that this difference in lifestyle is not responsible for the differences in OAEs reported here for heterosexual and nonheterosexual females. Other auditory measures also show weak masculinizing effects among the users of oral contraception ͑see McFadden, 1999͒. In passing, we note that, for the users of oral contraceptives, the two measures of SOAE power were both slightly larger in the left ear instead of the standard pattern of being substantially larger in the right ear. SOAE number and CEOAE power did exhibit the traditional pattern of being larger in the right ear. This result may be attributable to the drugs acting differentially to reduce the strength of strong SOAEs more than weak SOAEs.
H. Choice of SOAE-detection criterion
As noted above, the values of the various parameters used in our objective SOAE-detection algorithm were selected to yield an acceptably conservative compromise between the two goals of detecting true SOAEs that are weak and not identifying as SOAEs events that are not SOAEs. The first goal was important because it was logically possible that the different subject groups would not have different numbers of SOAEs, but the SOAEs would just be weaker in some groups than others. Not having a sensitive procedure then would have opened us to the criticism that we had reached incorrect conclusions simply because of undercounting weak SOAEs. However, having a sensitive procedure clearly has consequences for the other SOAE measures used here. For example, a sensitive procedure might detect a relatively large number of weak SOAEs in ears also having large numbers of strong SOAEs ͑e.g., the ears of heterosexual females͒. That should affect very little the overall SOAE power calculated for each of those ears, but it would greatly diminish the power per SOAE that was calculated. To be concrete, it may be that the compression in the range seen in the bottom panel of Fig. 2 relative to the top panel is due largely to the decision to use parameters in the SOAEdetection algorithm that permitted the detection of weak SOAEs. As a test of this possibility, the detection criterion in the algorithm ͑see Sec. I͒ was increased from 5 s.d.s to 8 s.d.s, and the three measures ͑number of SOAEs, overall SOAE power, and power per SOAE͒ were again extracted and tested statistically. As a consequence of this parameter change, the total number of identified SOAEs diminished from 584 to 482 for the heterosexual females and from 371 to 300 for the nonheterosexual females. Also, the number of subjects having SOAEs in both ears dropped from 132 to 121. Nevertheless, the general pattern of the data was still exactly the same as before, with the nonheterosexual females being intermediate to the heterosexual females and heterosexual males on all three OAE measures, and with no significant differences among the males. Also, no statistical comparison that was significant ceased to be. Of primary interest here is the fact that the differences between the heterosexual and nonheterosexual females for the two measures of SOAE power were indeed larger than with the more lax detection criterion. The means comparison between the heterosexual and nonheterosexual females was significant both for overall SOAE power, F(1, 117)ϭ6.44, pϭ0.01, and for power per SOAE, F(1, 117)ϭ4.64, pϭ0.03 . That is, omitting the weakest of the SOAEs did in fact increase the differences in SOAE power between the heterosexual and nonheterosexual females. This exercise is not an argument for using a stricter criterion for detecting SOAEs because on the whole the 5-s.d. detection rule agreed better with experienced visual judgment in identifying SOAEs than did the 8-s.d. rule. Rather, the point is that reducing the contribution of weak SOAEs further strengthens the conclusion that the cochlear amplifiers are in fact stronger in heterosexual females than in nonheterosexual females.
III. DISCUSSION
To summarize, measures of both SOAE number and SOAE strength showed the same general pattern of results across subject groups as did the data on CEOAEs ͑McFad-den and Pasanen, 1998͒ obtained from the same subjects. Namely, the SOAEs of homosexual and bisexual females were both less numerous and weaker than those of heterosexual females. On all SOAE measures, the homosexual and bisexual females were intermediate to heterosexual females and heterosexual males, just as for the CEOAEs, and again there were no statistically significant differences among the males. The nearly identical pattern of results for all these OAE variables strengthens considerably the argument that the cochleas of nonheterosexual females are different from those of heterosexual females, and are shifted in the male direction.
As was true for the CEOAE data ͑McFadden and Pasanen, 1998͒, there are multiple possible explanations for the fewer and weaker SOAEs in nonheterosexual females. However, any explanation that appeals to differences in the sizes and/or acoustical properties of the middle and outer ear systems of heterosexual and nonheterosexual females is inconsistent with the fact that CEOAE magnitude has been shown to be not dependent upon either ear-canal volume or compliance of the tympanic membrane in a ͑presumably largely͒ heterosexual population ͑Harkrider and McFadden, submitted͒. Also, any explanation that suggests there is something different about the power spectra extracted from subjects of different orientations that makes our algorithm for detecting SOAEs differentially effective is inconsistent with the fact that the noise floors of the smoothed spectra extracted from the different subject groups were essentially identical ͑see Sec. I͒.
While OAEs do appear to be reasonably stable through life, they can be diminished by a number of agents including exposure to intense noise ͑Norton et al., 1989͒ and various drugs ͑e.g., McFadden and Plattsmier, 1984; Long and Tubis, 1988; McFadden and Pasanen, 1994͒ . So perhaps there is something about the lifestyles of homosexual and bisexual females that leads to weaker OAEs than those exhibited by heterosexual females. We wish to emphasize that precautions were taken to ensure that none of the agents currently known to diminish OAEs were operating in our subjects. To be included in the experiment, subjects had to pass a hearing screening test, and questions were asked about recent noise exposure and drug use prior to any OAE testing. Further, a reanalysis of the SOAE data using only the SOAEs between 550 and 3000 Hz produced the same statistical conclusions as the analysis of the full set of data. Finally, the possibility that the differences observed across subject groups were attributable to differential use of oral contraceptives by the heterosexual and nonheterosexual females was tested and rejected. Of course, there may yet be unrecognized lifestyle agents or activities that are responsible for the diminished OAEs, and, if so, one might expect these relationships between OAEs and sexual orientation not to hold across cultures and eras. Because of the difficulties inherent to ruling out all possible differences in lifestyle, explanations of this sort are likely to continue to be a logical possibility for some time.
We believe that the correct explanation will ultimately prove to be one that involves hormonal mechanisms of development and sexual differentiation, possibly operating during prenatal life. The evidence is largely circumstantial, but compelling, in part because of the way it agrees with facts and evidence from other domains. The logic of the argument is as follows: ͑1͒ For mammals, it is commonly believed that the default phenotype is female, and the production of a male fetus requires exposure to high levels of androgens during the second trimester of prenatal development ͑cf. Fitch et al., 1998͒ . ͑2͒ Among the many masculinizing effects of androgens on the body, brain, and behavior of a male fetus is a change in the choice of sexual partner from the default choice of male to that of female. The fact that homosexual females also prefer females as sexual partners is in accord with the idea that some brain site͑s͒ responsible for sexual preference have been masculinized at some point in development, perhaps prenatally. ͑3͒ Females typically have more SOAEs and stronger CEOAEs than males, suggesting that the process of masculinization ͑namely, exposure to high levels of androgens͒ reduces the strength of the cochlear amplifiers in males, and thereby diminishes their OAEs. Accordingly, the existence of OAEs that are displaced in the male direction in homosexual and bisexual females suggests that the same processes that masculinized whatever brain centers are responsible for sexual preference also partially masculinized the cochleas of the nonheterosexual females. ͑4͒ Females having male co-twins ͑opposite-sex dizygotic, or OSDZ, females͒ have OAEs that are more like those of males than those of other females ͑McFadden, 1993; McFadden et al., 1996͒ . A plausible explanation for this difference is that the OSDZ females were exposed to higher-than-normal levels ͑for females͒ of androgens prenatally as a consequence of their having shared their intrauterine environment with a male co-twin. Parallel masculinizing effects of this sort are well-known in other mammals ͑vom Saal, 1989; Clark and Galef, 1998͒. ͑5͒ The same patterns of sex and ear differences that exist in adults also exist in newborns and children ͑Burns et al., 1992; Norton, 1992͒ even though the levels of sex hormones are the same in the two sexes at birth and then again after about two months of age ͑Smail et al., 1981͒. ͑6͒ The available longitudinal data suggest that OAEs remain reasonably constant through life ͑Kemp et al., 1986; Franklin et al., 1992; Burns et al., 1993 Burns et al., , 1994 Prieve et al., 1993͒ . ͑7͒ From ͑5͒ and ͑6͒, it is perfectly reasonable to believe that the differences that exist in the OAEs of both adult OSDZ females and adult nonheterosexual females also existed earlier in life. If those differences existed at birth, then they must be the product of masculinizing mechanisms that operated prenatally. There is no compelling evidence that androgen levels are systematically higher in adult OSDZ females than in same-sex dizygotic females ͑Julie Aikten Harris, personal communication, 9/21/98͒ or higher in adult nonheterosexual females than in adult heterosexual females ͑e.g., Downey et al., 1987; Dancey, 1990͒ , implying that the diminished OAEs are a residual effect of an earlier exposure. Further, exposure to abnormally high levels of androgens prenatally is reported to increase the prevalence of homosexual behavior and fantasy in females having congenital adrenal hyperplasia ͑Dittman et al., 1990a, b, 1992͒ . In accord with this idea of a prenatal factor contributing strongly to homosexuality is the fact that many future homosexuals behave differently from future heterosexuals from a young age ͑Bailey and Zucker, 1995; Manosevitz, 1970͒.
Overall, it seems parsimonious to assume that some structures in the brains and cochleas of homosexual and bisexual females were masculinized prenatally as a consequence of overexposure to androgenic agents. At the very least, this hypothesis appears worthy of serious experimental consideration.
The explanation presented here emphasizes differences in exposure to androgens and ignores possible differences in exposure to estrogens. Ultimately, this will almost certainly prove to be too simplistic given the complex way these hormones function and interact through development. For the time being, however, it seems parsimonious to assume that the gain of the cochlear amplifiers is set to the default level in females, and some factor operates to reduce that setting in males, rather than the reverse. What is known about the effects of estrogen on OAEs is that SOAEs change only minimally through the course of both the menstrual cycle ͑Bell, 1992; Haggerty et al., 1993; Penner, 1995͒ and pregnancy ͑Burns et al., 1993͒. When contemplating possible mechanisms for the hormonal effects being proposed, it may be tempting to imagine a developing female embryo, or its mother, producing too much androgen ͑or converting too much testosterone to estradiol͒ at some state in development, which masculinizes the fetus' cochleas, whatever brain centers are ultimately responsible for sexual preference, and presumably other parts of the brain and body. As an alternative to higher androgen concentrations per se, it is possible that certain brain sites in some developing female embryos are, for some reason, hypersensitive to androgen at some stage͑s͒ in early development, and take up too much of it. At an intuitive level, this possibility appears to carry more potential for the aftereffects to be relatively localized structurally and functionally than does the idea of generally higher androgen concentrations. The great extent to which heterosexual and homosexual females are generally similar, physiologically and behaviorally, seems to imply relatively localized structural differences between them.
It is important to emphasize again that knowledge of an individual person's SOAEs ͑or CEOAEs͒ provides very little information about the person's sexual orientation. For all of the dependent variables reported here, the distributions of scores for homosexual and bisexual females overlap considerably those for heterosexual females. The differences reported here are group differences.
If it proves to be the case that the same processes that masculinize the brain also masculinize the cochlea, that will establish the ear as a potentially valuable, noninvasive window onto certain aspects of brain development and sexual differentiation.
